Background: Whether the preoperative administration of pregabalin plays a beneficial role in controlling acute pain after hysterectomy is unknown. We performed a systematic review and meta-analysis of randomized controlled trials (RCTs) to determine the efficacy and safety of the preoperative use of pregabalin to treat acute postoperative pain following hysterectomy.
Introduction
High-quality pain control after hysterectomy remains a major challenge. [1] Appropriate pain control is a prerequisite to promoting early mobilization and functional recovery after hysterectomy. [2, 3] Although opioid and nonsteroidal antiinflammatory medications are widely used for acute postoperative pain, some patients are bothered by drowsiness, nausea, and vomiting. [4] A multimodal anesthesia approach has been used for postoperative pain management. Central and peripheral sensitization was the cause of the pain. Thus, antihyperalgesic drugs may reduce postoperative pain and subsequent morphine-related complications by down-regulating central sensitization. Pregabalin is a structural analog of the inhibitory neurotransmitter g-aminobutyric acid, but pregabalin is not functionally related with g-aminobutyric acid. [5] Similar to its predecessor, gabapentin, it binds to the a-2-d subunit of voltage-gated calcium channels, thereby reducing the release of several excitatory neurotransmitters and blocking the development of hyperalgesia and central sensitization.
Although previous meta-analyses supported the use of pregabalin in reducing acute postoperative pain and limiting opioid use, particularly following total knee arthroplasty (TKA) [6, 7] and spinal surgery, [8] to our knowledge, the role of pregabalin following hysterectomy has yet to be defined. The purpose of this meta-analysis was to study whether preoperative oral pregabalin administration was associated with lower pain scores and morphine consumption and fewer morphine-related complications.
Materials and methods
This meta-analysis was conducted in compliance with the recommendations of the Cochrane Handbook for Systematic Reviews of Interventions [9] and was written following the Preferred Reporting Items for Systematic Reviews and Metaanalyses (PRISMA) checklist. [10] 2.1. Search strategies The MeSH terms and their combinations used in the search were as follows: "analgesia" OR "pain management" OR "anesthetic agents" OR "hysterectomy" OR "trachelectomy" OR "hysterectomy, vaginal" AND "pregabalin" OR "pregabalin" [MeSH terms]. The reference lists of related reviews and original articles were searched for any relevant studies, including randomized controlled trials (RCTs) involving adult humans. When multiple reports describing the same sample were published, the most recent or complete report was used. Because this is a meta-analysis, no ethics committee or institutional review board approval was necessary for the study.
Inclusion criteria and study selection
Patients: adults (age > 18 years) undergoing hysterectomy (abdominal hysterectomy; posthysterectomy and vaginal hysterectomy); Intervention: perioperative pregabalin as an intervention group; Comparison: placebo; Outcomes: visual analog scale (VAS) with rest or mobilization at 2, 4, and 24 hours, total morphine consumption at 2, 4, 24, and 48 hours and complications (nausea, vomiting, sedation and dizziness); Study design: RCTs. We excluded patients undergoing laparoscopic hysterectomy because the pain intensity of this surgery was much lower than that of abdominal hysterectomy. Two independent reviewers screened the titles and abstracts of the identified studies after removing duplicates from the search results. Any disagreements about the inclusion or exclusion of a study were resolved by discussion or consultation with an expert. The reliability of the study selection was determined by Cohen's kappa test; the acceptable threshold value was set at 0.61. [11, 12] 
Data abstraction
A specific extraction was performed to collect the following data from the included trials: patients' general characteristics, country, sample size of the control group and intervention group, preoperative and postoperative doses, and the timing and frequency of pregabalin use. Outcomes such as VAS with rest or mobilization at 2, 4, and 24 hours, total morphine consumption at 2, 4, 24, and 48 hours and complications (nausea, vomiting, sedation, and dizziness) were abstracted and recorded on a form. Pain severity after hysterectomy was measured by a 110-point VAS (0 = no pain and 100 = extreme pain). When the numerical rating scale (NRS) or verbal rating scale (VRS) was given and we accordingly converted NRS and VRS to VAS for next calculation. Additionally, a 11-point VAS was converted to a 110-point VAS. [13] Data in other forms (median or range of values) were also transformed to the mean ± standard deviation (SD) according to the conversion table made by Cochrane Handbook guideline. [14] All data were extracted by 2 independent reviewers, and disagreements were resolved by discussion.
Quality assessment
The methodological quality of all included trials was independently assessed by 2 reviewers using the Cochrane Handbook for Systematic Reviews of Interventions, version 5.1.0 (http:// handbook.cochrane.org/). A total of 7 items (random sequence generation, allocation concealment, blinding to the participant and personnel, blinding to the outcome assessment, incomplete outcome, selective reporting, and other bias) were measured. Each of the items was measured as "low risk of bias," "unclear risk of bias," and "high risk of bias." The risk of bias summary and risk of bias graph were obtained using Review Manager 5.3.0 software (The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark).
Outcome measures and statistical analysis
Continuous outcomes (VAS with rest or mobilization at 2, 4, and 24 hours, total morphine consumption at 2, 4, 24, and 48 hours) were expressed as the weighted mean differences (WMD) and respective 95% CI. Dichotomous outcomes (nausea, vomiting, sedation, and dizziness) were expressed as the risk ratio (RR) with 95% CI. Statistical significance was set at P < .05 to summarize the findings across the trials. The meta-analysis was calculated by Stata software, version 13.0 (Stata Corp., College Station, TX). Statistical heterogeneity was tested using the Chi-squared test and I 2 statistic. When there was no statistical evidence of heterogeneity (I 2 < 50%, P > .1), a fixed-effects model was adopted; otherwise, a random-effect model was chosen. Publication bias was tested using funnel plots. Publication bias was assessed by funnel plot and quantitatively assessed by Begg test. Subgroup analysis was based on the dose of pregabalin (<300 mg/d was identified as low dose, and ≥300 mg/d was identified as high dose). We considered there to be no publication bias if the funnel plot was symmetrical and the P-value was >.05. In addition, we calculated the number needed to harm (NNH) and the number need to treat (NNT) to examine the risks compared to the benefits of pregabalin therapy as it regarded complications. [15] The relationship between gabapentin dosage and the VAS at 12 and 24 hours was explored using the SPSS software (SPSS, Inc., Chicago, IL). The correlation coefficient (r) was used to evaluate the relationship between the dosage of pregabalin and the VAS with rest at 2, 4, and 24 hours, VAS with mobilization at 2, 4, and 24 hours, total morphine consumption at 2, 4, 24, and 48 hours, the occurrence of nausea, vomiting, sedation, and dizziness.
Results

Search results
The flow diagram is presented in Fig. 1 . In the initial search, a total of 582 papers were identified from the electronic databases (PubMed = 231, EMBASE = 108, Web of Science = 60, Cochrane Library = 50, Google database = 133). Seven additional papers were identified through relevant references. Thus, a total of 589 papers were obtained in the initial search. These bibliographical references were introduced into the Endnote Software (Version X7, Thompson Reuters, Stanford, CA, USA), and duplicate papers were excluded. After removing duplicates, 421 papers were scanned, and 409 papers were excluded because they were irrelevant or did not meet the criteria. Then, the full-length papers were reviewed, and 2 studies [16, 17] were excluded because they included laparoscopic hysterectomy. Four studies [18] [19] [20] [21] administered different doses of pregabalin and thus were divided into 2 individual studies. One study used 3 different doses of pregabalin and was thus divided into 3 individual studies. [22] Ultimately, 10 clinical studies with 1207 patients (pregabalin = 760, control = 447) were included in the meta-analysis. [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] The general characteristics of the included studies are presented in Table 1 . The pregabalin dose ranged from 75 to 600 mg/d. The number of patients ranged from 20 to 167. Three types of hysterectomy were finally included (abdominal hysterectomy, posthysterectomy, and vaginal hysterectomy). The follow-up duration ranged from 24 hours to 6 months.
Quality assessment
The kappa value between the 2 reviewers was 0.825, which indicated that there was good agreement between the reviewers. The quality assessment of the included studies is summarized in Figs. 2 and 3 . The risk of bias of random sequence generation showed an unclear risk of bias in 2 studies. [21, 25] The risk of bias of allocation concealment showed an unclear risk of bias in 2 studies. [21, 24] The risk of bias of blinding of participants and Table 1 The George et al [14] Canada Placebo (n = 30) [20] Turkey Placebo (n = 30) 1, VAS with rest at 2 h; 2, VAS with rest at 4 h; 3, VAS with rest at 24 h; 4, VAS with mobilization at 2 h; 5, VAS with mobilization at 4 h; 6, VAS with mobilization at 24 h; 7, total morphine consumption at 2 h; 8, total morphine consumption at 4 h; 9, total morphine consumption at 24 h; 10, total morphine consumption at 48 h; 11, the occurrence of nausea; 12, the occurrence of vomiting; 13, the occurrence of sedation; 14, the occurrence of dizziness.
Wang [20, 21] The risk of bias of blinding of outcome assessment showed an unclear risk of bias in 3 studies. [20, 22, 25] The risk of bias of other bias showed an unclear risk of bias in one study because they did not state the sample calculation method. [25] 3.3. Results of meta-analysis 3.3.1. VAS with rest at 2, 4, and 24 hours. Pooled results indicated that preoperative administration of pregabalin was associated with reduced VAS at 2, 4, and 24 hours; this corresponded to a reduction of 11.39 points (WMD = À11.39, 95% CI: À15.60, À7.19, P = .000, Fig. 4 ) at 2 hours, 9.47 points (WMD = À9.47, 95% CI: À13.42, À5.52, P = .000, Fig. 5 ) at 4 hours, and 5.55 points at 24 hours (WMD = À5.55, 95% CI: À9.51, À1.58, P = .006, Fig. 6 ) on a 110-point VAS.
3.3.2. VAS with mobilization at 2, 4, and 24 hours. Pooled results indicated that preoperative administration of pregabalin was associated with reduced VAS at 2, 4, and 24 hours; this corresponded to a reduction of 11.39 points (WMD = À9.78, 95% CI: À14.14, À5.41, P = .000, Fig. 7 ) at 2 hours, 4.32 points (WMD = À4.32, 95% CI: À7.27, À1.36, P = .004, Fig. 8 ) at 4 hours, and 5.55 points at 24 hours (WMD = À2.88, 95% CI: À4.35, À1.42, P = .000, Fig. 9 ) on a 110-point VAS.
Total morphine consumption at 2, 4, 24, and 48 hours.
Pooled results indicated that preoperative administration of pregabalin was associated with reduced total morphine consumption; this corresponded to a reduction of 2.08 mg (WMD = À2.08, 95% CI: À2.76, À1.39, P = .000, Fig. 10 ) at 2 hours, 5.36 mg (WMD = À5.36, 95% CI: À7.55, À3.18, P = .000, Fig. 11 ) at 4 hours, 10.94 mg (WMD = À10.94, 95% CI: À13.18, À8.71, P = .000, Fig. 12 ), and 19.29 mg at 24 hours (WMD = À 19.29, 95% CI: À23.72, À14.86, P = .000, Fig. 13 ).
Complications.
Pregabalin significantly reduced the occurrence of nausea by 9.91% (RR = 0.71, 95% CI: 0.53, 0.94, P = .016, NNT = 10.1, Fig. 14) . Pregabalin also significantly reduced the occurrence of vomiting by 8.83% (RR = 0.67, 95% CI: 0.55, 0.83, P = .000, NNT = 11.3, Fig. 15 ).
There were no significant differences between the groups in the occurrence of sedation (RR = 0.93, 95% CI: 0.79, 1.08, P = .339, NNT = 118.4, Fig. 16 ). However, pregabalin increased the occurrence of dizziness by 16.7% (RR = 1.75, 95% CI: 1.06, 2.89, P = .028, NNH = 5.88, Fig. 17 ). The publication bias of VAS with rest at 2, 4, and 24 hours and VAS with mobilization at 2, 4, and 24 hours were assessed by funnel plot and quantified by Begg test. The results indicated that there was no publication bias among the included studies (Supplement S2, http://links.lww.com/MD/B821). Dose-effect relationship between the pregabalin dose and the VAS with rest at 2, 4, and 24 hours, VAS with mobilization at 2, 4, and 24 hours, total morphine consumption at 2, 4, 24, and 48 hours, the occurrence of nausea, vomiting, sedation, and dizziness are shown in Supplement S3, http://links.lww.com/MD/ B821. There was a negative correlation among the pregabalin dose, the VAS with mobilization at 24 hours (r = À0.860, P = .001, Supplement S3-1F, http://links.lww.com/MD/B821) and the occurrence of nausea (r = À0.434, P = .035, Supplement S3-2E, http://links.lww.com/MD/B821).
Discussion
The current meta-analysis demonstrated that the use of pregabalin is associated with reduced pain scores at 2, 4, and 24 hours with rest or mobilization, which is equivalent on a 110-point VAS to 11.39 points at 2 hours, 9.47 points at 4 hours and 5.55 points at 24 hours with rest and 11.39 points at 2 hours, 4.32 points at 4 hours and 5.55 points at 24 hours. The cumulative morphine consumption at 2, 12, 24, and 48 hours was reduced in the pregabalin group by approximately 2.08, 5.36, 10.94, and 19.29 mg, respectively. The most important finding of this meta-analysis was that pregabalin can reduce the occurrence of nausea and vomiting after hysterectomy. There was no significant difference in terms of sedation; however, pregabalin increased the occurrence of dizziness after hysterectomy. A major strength of the current meta-analysis was that we comprehensively searched the electronic databases (PubMed, EMBASE, Web of Science, Cochrane Library, and Google database) and calculated the relevant outcomes in a statistically rigorous method. We included RCTs and excluded non-RCTs, and thus the selective risk of bias was largely eliminated. The quality ratings of the included RCTs were high or moderate. The only factor that reduced the level of evidence was the heterogeneity between the studies, which was caused by the different doses and time intervals of the pregabalin used. In the end, we performed a subgroup analysis according to the dose to reduce the heterogeneity.
These results are consistent with those of previous metaanalyses assessing the use of pregabalin in the management of acute postsurgical pain that have found that its use was associated with significant reductions in pain following tonsillectomy, knee surgery, hip surgery, nasal surgery, and spinal surgery. [6] [7] [8] [28] [29] [30] However, Hamilton et al [31] found no evidence to support the routine use of gabapentinoids (gabapentin and pregabalin) in the management of acute pain following TKA. One possible reason was that they included both gabapentin and pregabalin to analyze the relevant results. The current metaanalysis indicated that preoperative administration pregabalin was effective in reducing acute pain and total morphine consumption. Mishriky et al [32] found that a single preoperative dose was as effective as multiple doses and that low doses (<75 mg) of pregabalin were as effective as high dose (300 mg) pregabalin in terms of reducing total morphine consumption. We calculated a dose-effect relationship between the pregabalin dose and the VAS score, total morphine consumption and the adverse complications. The results indicated that there was a negative correlation between the pregabalin dose and both the VAS with mobilization at 24 hours (r = À0.860, P = .001) and the occurrence of nausea (r = À0.434, P = .035). A significant reduction in the incidence of postoperative nausea (NNT = 10.1) and vomiting (NNT = 11.3) following hysterectomy was associated with pregabalin. Thus, this antiemetic effect is likely to be due to reduced total morphine consumption and is likely to be via alternative mechanisms. [33] A major concern of pregabalin was that it may be associated with an increase in the occurrence of dizziness and sedation. Meta-analysis results indicated that there was no significant difference in the occurrence of sedation (RR = 0.93, 95% CI: 0.79, 1.08, P = .339). Lam et al [34] found that the incidence of adverse effects of pregabalin was not equal in different surgical categories.
Future research should be focused on the timing, dose and interval of pregabalin to maximize the analgesic efficacy without increasing the occurrence of dizziness. Furthermore, long-term follow-up should be included to determine whether pretreatment with pregabalin has a beneficial role on patient satisfaction.
There were several limitations to this meta-analysis: only 10 RCTs were included, and the sample sizes of the included studies were relatively small, which might have affected the precision of the effect size estimation; the follow-up durations of the included studies were different, and the satisfaction of the patients was not assessed; the dosage and timing of pregabalin administration differed between the studies, although a subgroup analysis was conducted to decrease the heterogeneity, which would affect the precision of the results; the multiple analgesia approaches differed among studies, and consistent analgesia approaches are needed to identify the most effective pain control method; and different types of hysterectomy (abdominal hysterectomy; posthysterectomy and vaginal hysterectomy) were included and will affect the final results.
Conclusion
In conclusion, this is the first meta-analysis to compare the preoperative use of pregabalin versus a placebo in managing pain after hysterectomy. Some analgesic efficacy and opioid-sparing effects were observed with the administration of pregabalin. Additionally, a significant decrease in the risk of nausea and vomiting was associated with the use of pregabalin. Because the sample size and the number of included studies were limited, a multicenter RCT is needed to identify the effects of pregabalin for reducing acute pain after hysterectomy.
